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ABSTRACT 

Currently, there is intense interest  and considerable funding for the 
development of fluid bed combustors for high sulphur coal, using linlestone 
o r  dolomite in the bed f s r  removal of the sulphur. Operating units to date 
have proven the inadequacies of available mater ia l  handling techniques for 
introduction and control of the coal and adsorbent to the beds. Larger  
units now being contemplated will pose formidable problems in this a rea .  
This paper il? llstrates and descr ibes  some of the techniques which have 
been developed for the existing pilot units and novel ideas under considera- 
tion for future, large production units. 



Ducon Fluid Transport, with whom I am associated, is a unit 

of the U. S. Filter Corporation. We have been engaged in 

several aspects of the materials handling associated with fluid 

bed combustors, have provided designs and concepts, ant3 have 

supplied some equipment in connection with units now being 

built. Although our prime field of interest is pneumatic con- 

veying, we have developed, or are developing, ideas and devices 

which in some cases depart from this field. 

Firms working in fluid bed combustion have come to us because 

of certain proprietary hardware which we had developed o-~er many 

years in other abrasive applications such as mining, uetroleun 

refining, fly ash, etc. The two principal h3rdware items we-e 

the FLUO/veyor pressure tank high density pneumatic conveying 

system, and the PERMA/flo abrasion-resistant rotary air lock. 

The former has been used for the high pressxre injection of 

catalysts into fluid bed reactors and the latter for feeding, 

or as an air lock, in the handling of crushed ores, crushed lime- 

stone, and crushed coal in a variety of anplications. With the 

experiences wc had with these products, as a starting point, we 

became involved in fluid bed combustor activities, and we should 

like to share with yo& now several of the new ideas we have 

developed and then to consider a theoretical future utility-sized 

power generation boiler and to show how our current technology might 

be applied to the feeding of coal and adsorbent. 



The first development is the "stream splitter" (fig. 1). The 

stream splitter accomplishes the dividing of a sinqle pneumati- 

cally conveved stream of solids into four streams, with each 

stream 25% of the original, plus or minus a very small tolerance. 

Experience to date shows that tolerances of less than 1% can be 

achieved and maintained. 

Basically, the stream splitter is a system of branched pipes, 

with decreasing diameters to control velocity. The branches, 

however, are sharp tees rather than long radius direction changes, 

which have been traditional in pneumatic conveying. The use of 

sharp tees was pioneered by DUCON in catalyst operations manv 

years ago. Properly designed and applied, they perform fullv 

as well as long radius bends. 

Figure 2 shows a typical long radius bend. Although the conveying 

air is presumed to generally follow the curvature of the pipe, we 

know that the solids follow a straight line ~ath, im~inging on 

a primary, secondary, and sometimes a tertiary point. Incidentally, 

we are discussing here conveying in the "stream flow" mode 

(usually referred to as "dilute phase"), and this is an essential 

requirement for operation of the stream solitter. 



I n  t h e  s h a r p  tee ( f i g .  3 )  t h e  approaching  stream of  m a t e r i a l  

impac ts  i n t o  a pocke t  a l ~ d  t h e r e a f t e r  impinges o n  i t s e l f  i n s t e a d  

of  me ta l .  I t  makes t h e  d i r e c t i o n  change w i t h  no f u r t h e r  imoinqe- 

ments,  and ,  s u r p r i s i n g l v ,  w i t h  no more p r e s s u r e  d r o p  t h a n  t h e  

long  r a d i u s  bend. 

W e  exper imented w i t h  a s h a r p  cross ( f i q .  4 )  t o  see i f  a s t r e a m  

cou ld  b e  d i v i d e d  e q u a l l y  a f t e r  a pocke t  impact  and found t h a t  

t h e  d i v i s i o n  o f  f low was v e r y  s e n s i t i v e  t o  t h e  l o c a t i o n  o f  t h e  

p o i n t  o f  impact .  W e  l e a r n e d  t h a t  t h e  h e a v i e s t  f low went t o  t h e  

o u t l e t  n e a r e s t  t h e  p o i n t  of  impac t  ( f i g .  5 and 6 ) .  Thus, i f  one  

could  " s t e e r "  t h e  approaching  s t r eam,  one c o u l d  a d j u s t  t h e  s p l i t  

u n t i l  he  had a p r e c i s e  50-50 d i v i s i o n .  W e  accomplished t h i s  by 

t h e  u s e  of f l e x i b l e  p i p e  j o i n t s  and a means of  changing t h e  p i n e  

geometry and l o c k i n g  i t s  p o s i t i o n .  W e  have s i n c e  added f e a t u r e s  

f o r  t he rma l  expans ion .  

W e  found t h a t ,  once  set, t h e  f u n c t i o n i n g  of  t h e  d e v i c e  c o n t i n u e d  

w i t h o u t  change.  I n  a d d i t i o n ,  w e  found t h a t  i f  e ach  o f  t h e  two 

l e g s  i s  a g a i n  branched,  it is p o s s i b l e  t o  a c h i e v e  a I-wav s p l i t  

w i t h  t h e  same c l o s e  t o l e r a n c e .  

Th i s  4-way s p l i t t e r  was s u p p l i e d  f o r  t h e  San Ben i to ,  Texas,  f l u i d  

bed c o a l  g a s i f i e r  f o r  t h e  r e t u r n  o f  f i n e s  to  t h e  carbon  bu rn inq  

cel l .  I t  i s  be ing  des igned  i n t o  s e v e r a l  o t h e r  u n i t s  on t h e  

drawing boards .  Although w e  have n o t  y e t  done t h e  t e s t i n q ,  w e  

b e l i e v e  t h a t  t h e  d e v i c e  can  b e  f ~ , t h e r  s p l i t  i n t o  8 and p o s s i b l v  16 

o u t l e t s  w i t h  good r e s u l t s .  The l i m i t a t i o n  would h e  t h a t  w i t h  



d e c r e a s i n g  p i p e  d i ame te r  one w i l l  r e a c h  a  p o i n t  where no  f u r t h e r  

r e d u c t i o n  i s  p o s s i b l e  ( a t  a b o u t  3 t i m e s  t h e  d i a m e t e r  o f  t h e  

l a r g e s t  c o a l  p a r + . i c l e ) .  W e  have been h i g h l y  s u c c e s s f u l  w i t h  

t h i s  d e v i c e  on a 2 : l  mix tu re  o f  1/4" c o a l  and 1/8"  l i m e s t o n e  

wi th  s u r f a c e  m o i s t u r e  app roach ing  10%.  

The second i d e a  w e  shou ld  l i k e  t o  d e s c r i b e  i s  a  c o a l  o r  coa l / l ime-  

s t o n e  f e e d e r  c a p a b l e  o f  i n t r o d u c i n g  a  c o n t i n u o u s ,  p r e c i s e l y  

metered stream i n t o  a h i g h  p r e s s u r e  combustor o r  r e a c t o r .  F ig .  7 

shows t h e  a r rangement  o f  one v e r s i o n  u s i n g  2 p r e s s u r e  t a n k s  s i d e  

by side. These t a n k s  a r e  n o t  s imply  lock  hoppers  which dump a 

cha rge  i n t o  t h e  combustor ,  b u t  e a c h  is equipped w i t h  a  r o t a r y  

f e e d e r  d r i v e n  by a c o n t r o l l a b l e  speed  d r i v e  r e s p o n s i v e  t o  t h e  

demands of t h e  p r o c e s s .  S i n c e  t h e  r o t a r y  f e e d e r  is comple t e ly  

housed i n  t h e  p r e s s u r e  enve lope ,  it f e e l s  no  p r e s s u r e  d i f f e r e n t i a l  

a c r o s s  i t .  I ts  d r i v e  s h a f t  i s  b rough t  o u t  th rough t h e  enve lope .  

S ince  t h i s  f e e d e r  must resist a b r a s i o n  and be  t o t a l l y  dependable ,  

it would b e  w e l l  t o  look  more c l o s e l y  a t  i t s  c o n s t r u c t i o n .  F i g .  8  

is t h e  PERMA/flo f e e d e r  a s  used f o r  many y e a r s  i n  h i g h l y  a b r a s i v e  

a p p l i c a t i o n s .  F ig .  9 shows a s i m p l i f i e d  s e c t i o n  th rough  t h e  u n i t  

where w e  see t h e  r o t o r  and shoe  c o n s t r u c t i o n .  These t w o  p a r t s  

a r e  o f  c a s t  a l l o y  i r o n  w i t h  ex t r eme ly  h i g h  h a r d n e s s  and a r r a n g e d  

s o  t h a t  t h e y  can  be sinrply a d j u s t z d  t o  me a n o t h e r  w i t h o u t  disas- 

sembly, t o  compensate f o r  wear.  W e  have t a k e n  t h e s e  t w o  e s s e n t i a l  

p a r t s  and a number o f  o t h e r s  from t h e  PERMA/flo a i r  l ock  and i n t e -  

g r a t e d  them i n t o  t h e  bottom o f  a  p r e s s u r e  t a n k .  



Our e x p e r i e n c e  o v e r  many y e a r s  w i t h  o u r  FLUO/veys r p r e s s u r e  t a n k  

conveying sys tem h a s  g iven  u s  t h e  n e c e s s a r y  background t o  

i n t e g r a t e  t h e  t a n k ,  t h e  a p p r o p r i a t e  v a l v i n g ,  c o n t r o l s ,  and 

weighing sys tem i n t o  t h i s  a r rangement  t h a t  ycu see. 

One t ank  is always d i s c h a r g i n g .  I ts  d i s c h a r g e  rate is  c o n t r o l l e d  

by t h e  demands o f  t h e  p r o c e s s .  The t a n k  is  on l o a d  cells and w e  

employ a "loss o f  wzight"  e l e c t r o n i c  weighing sys tem which s e e k s  

t h e  p r e c i s e  s c a l e  d i s c h a r g e  r a t e  which t h e  p r o c e s s  r e q u i r e s .  

The o t h e r  t ank  i s  f i l l i n g  from t h e  a tmosphe r i c  f e e d  hopper  above. 

Nhen t h e  t a n k  i s  f u l l ,  t h e  m a t e r i a l  c u t  o f f  v a l v e  i s  c l o s e d ,  t h e  

p r e s s u r e  seal v a l v e  i s  c l o s e d ,  and t h e  l i n e  from t h e  p r o c e s s  

v e s s e l  is  opened t o  b r i n g  t h e  p r e s s u r e  i n t o  b a l a n c e  w i t h  it. When 

t h e  f i r s t  t ank  is  low, b u t  n o t  empty, i t s  bot tom d i s c h a r g e  v a l v e  

w i l l  be sazt and i t s  r o t a r y  r e e d e r  s topped  and a t  t h e  same i n s t a n t  

t h e  bot tom d i s c h a r g e  v a l v e  o f  t h e  second I3nk w i l l  be  opened and 

i t s  f e e d e r  w i l l  s t a r t .  Con t ro l  o f  f e e d  w i l l  t r a n s f e r  t o  t h e  

second t ank .  

Before  t h e  f i r s t  t a n k  can be  r e f i l l e d ,  i t s  v e n t  l i n e  must be 

opened t o  a d u s t  c o l l e c t o r  and i t s  p r e s s u r e  reduced  t o  a tmosphe r i c .  

The c y c l e  r e p e a t s .  



I t  is p o s s i b l e  t o  accompl i sh  t h e  same r e s u l t  w i t h  two P r e s s u r e  

t a n k s ,  one  above t h e  o t h e r .  I n  such  a n  a r ranuement  o n l v  t h e  

lower t a n k  would have t h e  r o t a r y  f e e d e r  and i t  would o p e r a t e  

c o n t i n u o u s l y .  Only t h e  lower  t a n k  would be  mounted on a  " l o s s  

of weigh t"  s c a l e .  The upper  t a n k  would be a  P r e s s u r e  v e s s e l  

which i s  uscd t o  l o c k  i n  a  v o l u m e t r i c a l l v  measured b a t c h  when- 

e v e r  t h e  lower  t a n k  is n e a r  empty and needs  r e f i l l i n g .  The 

weighing sys tem w e  would u s e  h a s  a  f e a t u r e  wherebv t h e  p r o c e s s  

f e e d  r a t e  i s  t e m p o r a r i l v  f r o z e n  d u r i n q  t h e  a p ~ r o x i m a t e l v  1 / 4  

minute  t h a t  t h e  lower t a n k  is  be ing  r e f i l l e d .  

T h i s  sys tem h a s  been o f f e r e d  f o r  a  f l u i d  bed q a s i f i e r  b e i n a  used 

t o  d r i v e  a  g a s  t u r b i n e .  The g a s i f i e r  p r e s s u r e  i s  90 P S I G .  

The t h i r d  development i n  which w e  a r e  enqaged is  what w e  miah t  

c a l l  a " p u l s e d  c h u t e "  f e e d e r  f o r  f l u i d  bed combus tors  ( f i g .  1 0 ) .  

Assuming a  r e g u l a t e d  f e e d  o f  c o a l / l i m e s t o n e  m i x t u r e  t o  t h e  

v i c i n i t y  o f  t h e  ce l l ,  w e  d i r e c t  t h e  feed  i n t o  a  s m a l l  s u r a e  hopper  

which f e e d s  a n  i n c l i n e d  ~ i p e  which t e r m i n a t e s , a F t e r  n a s s i n q  t h r o u a h  

t h e  ce l l  wa l1 , i n  t h e  f l u i d  bed.  The a n g l e  and d i a m e t e r  oG  t h e  ~ i p e  

a r e  such  t h a t  t h e  p i p e  w i l l  remain choked w i t h  m a t e r i a l ,  which 

w i l l  n o t  f low w i t h o u t  a i d .  Aid i s  p rov ided  i n  t h e  form of  one 

or n o r e  a i r  e ,  j t o r s  t h rough  which b u r s t s  o f  h i g h  p r e s s u r e  a i r  

of ex t r eme ly  s h o r t  d u r a t i o n  and c o n t r o l l a b l e  f r ec~uency  a r e  

d i s c h a r g e d .  Each a i r  p u l s s  d i s c h a r g e s  a lmos t  f l a t  a l o n a  t h e  

s u r f a c e  of t h e  i n n e r  n i ~ e  w a l l  and comple t e lv  around t h e  ~ e r i ~ h e r v ,  



surrounding the column of solids with a friction-breaking film 

of air for an instant. The column moves for a short distance 

downward. The rate of downward movement of the column is 

established by the duration and frequency of the air pulses, 

both of which are electronically controlled. Control of column 

movement is in response to the material level condition in th.? 

surge hopper. High and low level controls or a continuous elec- 

tronic level control are used to provide the signals to the 

control system which are converted to the compressed air ~ulses. 

We should like now to propose the possible feeding equipment. 

requirements for a projected 600 meqawatt utilitv sized, fluidized 

bed boiler such as is currently being studied. We have been 

asked to consider several possible configurations, Ldt we shall 

consider one which, it is proposed, would have 35 cells, 7 cells 

long by 5 cells hiqh (fia. 11). Each cell would be 1.2 feet wide 

by 18 feet long. We have been asked to provide for 24 feed pi~es 

for a coal/limestone mixture and it is pronosed that half of them 

feed mixture above the diffuser plate and half of them feed 

mixture through the diffuser plate from below (fig. 12). Each 

cell would require a maximum of approximately 11 tons per hour of 

mixture, made up of approximatelv 7 tons per hour of coal and 

4 tons per hour of limestone. 



We propose t h a t  a t  e a c h  end  o f  each  cel l  w e  p r o v i d e  6 f e e d  p i p e s  

from above and 6  feed  p i p e s  from below. We propose  t h a k  each  

group o f  6 p i p e s  be f e d  from i ts  own s u r g e  hopper  grouping .  For 

t h e . 6  f e e d i n g  above t h e  d i f f u s e r  p l a t e  w e  would use  "pu l sed  c h u t e s "  

a s  p r e v i o u s l y  d e s c r i b e d  and  t h e s e  wou: r e q u i r e  6 s u r g e  hoppers  

w i t h  l e v e l  c o n t r o l s  and t h e  a s s o c i a t e d  e l e c t r i c a l s .  For  t h e  6 

f e e d i n g  from below t h e  d i f f u s e r ,  w e  propose t h e  same e x c e p t  t h a t  

t h e y  would t e r m i n a t e  i n  6 upwardly i n c l i n e d  p i p e s  which pneu- 

m a t i c a l l y  convey t h e  f e e d  m a t e r i a l  i n t o  t h e  bed w i t h  a i r  p rov ided  

by s m a l l  blowers .  

lqe propose t h a t  e a c h  group  o f  6 s u r g e  hoppers  i n  f a c t  be a s i n u l e  

6 compartment c i r c u l a r  hopper (f;g. 1 3 ) ,  which r e c e i v e s  a  r e g u l a t e d  

s t r e a m  o f  mix tu re  from a  d i sengag ing  chamber and d i s t r i b u t e s  i t  

u n i f o r m l y  among t h e  6 compartments by means o f  a r o t a r y  d i s t r i b u t o r  

spou t .  

For  each  c t  .l, t h e r e f o r e ,  t h e r e  would be  4 d i s e n g a g i n g  chambers,  

each  receiving 1 / 4  o f  t h e  c e l l  f e e d  requi rement .  

The p r e p a r e d  mix tu re  would he  pneumat i ca l ly  conveyed from ground 

l e v e l ,  i n  t h e  a r e a  o f  t h e  c o a l  and l i m e s t o n e  bunkers ,  and would 

be l i f t e d  th rough a  s i n g l e  p i p e l i n e  t o  t h e  e l e v a t i o n  of  t h e  c e l l  

it i s  t o  f e e d  ( f i g .  1 4 ) .  Using o u r  " s t r eam s p l i t t e r "  w e  would 

produce 4 streams to  t h e  d i sengzg ing  chambers,  e a c h  c' which would 

be 1/4 o f  t h e  t o t a l  f eed .  



It is our belief that contra1 requirements will dictate the 

need for a separate weighing, proportioninu, and mixins unit 

for each cell. Such a unit miqht look like fig. 15. Individual 

bunkers would be provided for coal and limestone. Under each 

bunker a feed gate would control the flow of material into a 

scale hopper below. The scale hopper would be refilled whenever 

it was nearly emptv, but would never be permitted to completely 

empty. A feeder under each scale, with controllable s ~ e e d  drive, 

would establish the solids feed rate required for the cell. The 

coal rate would be determined bv boiler load and the limestone 

rate by stack gas composition. The scales would be "loss of 

weight" electronic with feed rate frozen momentarily durinq 

re-filling. 

The coal feeder would be a rotary and the limestone feeder a screw, 

in order to bring both discharging streams close together for 

feed into a ribbon blender. The ribbon blender would be relativelv 

short, only lcnq enough to provide the desired coal/limestone 

blending. The discharge of the blender would be into an ahrasion- 

resistant rotary air lock and thence into the conveying piveline. 

Since the arrac9ement proposed would require separate bunkers for 

each cell, we have considered what the bunker layout might be 

(fig. 16). We show an arza 90 feet by 114 feet and a configuration 

under which the previouslv described weiqhing, proportioninq, and 

mixing units would be arranqed and the 35 pneumatic canveying 

systems would originate. 



The selection of equipment and systems shown here takes into 

account the critical importance of reliable, uninterrupted feed, 

minimizing segregation of the mixture components, minimizinq 

attrition of the coal, and minimizing wear of equipment. 
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